Searching PAJ 



1/2 K-*? 



PATENT ABSTRACTS OF JAPAN 

(11 publication number : 09-260607 
(43)Date of publication of application : 03.10.1997 



(51)Int.CI. 



H01L 27/108 
H01L 21/8242 
H01L 21/3065 
H01L 21/8238 
H01L 27/092 



(21) Application number : 08-071907 

(22) Date of filing : 27.03.1 996 



(71 Applicant: NEC CORP 
(72)Inventor : TANIGAWA TAKAO 



(54) MANUFACTURE OF SEMICONDUCTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To contrive not to produce 
the short channel effect, lowering the thereshold value 
voltage nudesiringly and accelerate the switching 
operation of a transistor for peripheral circuit 
SOLUTION: A surface flattened interlayer insulating film 
10 is formed on an insulating film to be the sidewall of a 
transistor, so as to form a capacity accumulation 
electrode 12 on this interlayer insulating film 10. This 
interlayer insulating film 10, after the formation thereof, 
is etched away, and then the insulating film 8 is etched 

away to form a sidewall. Also a high concentration j^.^ ?,^^^ 
impurity layer is formed to complete a transistor. In such 
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a constitution, the effect of heat treatment on the 
transistor can be lessened, since the capacity 
accumulation electrode 1 2 can be formed on a flat 
surface, to make fine and rapid etching operation 
feasible before the formation of the transistor. 
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* NOTICES* 

Japan Patent Office is not responsible for any damages caused by the use of this translation. 1. This 
document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim l] The manufacture method of a semiconductor memory characterized by providing the following. 
The process which forms a gate electrode in the memory cell section and the circumference circuit section 
on a silicon substrate, respectively. The process which forms a low -concentration impurity layer in the 
aforementioned silicon substrate using the aforementioned gate electrode. The process which forms a 
wrap insulator layer for the aforementioned gate. The process which forms the layer insulation film 
which carried out flattening of the front face on this insulator layer, and the process which carries out 
opening of the accumulation electrode contact to this layer insulation film and the aforementioned 
insulator layer, The process which forms an electric conduction film all over including this accumulation 
electrode contact; and carries out selective etching of this and forms a capacity accumulation electrode, 
The process which counters this capacity accumulation electrode and forms a capacity insulator layer and 
a capacity counterelectrode, The process which carries out the mask of the necessary field, ********** s 
the aforementioned layer insulation film and an insulator layer one by one, and forms a sidewall in the 
side of the aforementioned gate electrode, and the process which carries out the mask of the 
aforementioned memory cell section, and forms a high-concentration impurity layer in the 
aforementioned circumference circuit section. 

[Claim 2] The manufacture method of a semiconductor memory characterized by providing the following. 
The process which forms a field oxide film in the isolation field on the front face of a silicon substrate, and 
forms the memory cell section and the circumference circuit section, and forms the 1st, the 2nd, and 3rd 
gate electrodes in each part through a gate oxide film. The process which forms a low -concentration 
source field and a low-concentration drain field in the aforementioned silicon-substrate front face to the 
above 1st and the 2nd gate electrode at a self- adjustment target. The process which forms the 1st silicon 
oxide used as the sidewall of the LDD type transistor of the circumference circuit section. The process 
which forms an etching-proof nature insulator layer on this 1st silicon-oxide front face, The process which 
forms a hole, and the 1st electric conduction film are formed, the accumulation electrode contact which 
penetrates the process at which a front face forms in the whole surface the 1st layer insulation film by 
which flattening was carried out, and this the 1st layer insulation film, aforementioned etching-proof 
nature insulator layer and 1st silicon oxide of the above, and arrives at the low concentration drain field 
of the above 1st -- And the process which carries out selective etching of this and forms a capacity 
accumulation electrode and the process which forms a capacity insulator layer and the 2nd electric 
conduction film in the whole surface one by one, carries out selective etching of the electric conduction 
film of the above 2nd, and forms a capacity counterelectrode, The process at which etching removal of the 
layer insulation film of the above 1st is carried out, and the aforementioned etching-proof nature 
insulator layer is exposed, The process which removes this etching-proof nature insulator layer, and the 
process which carries out the etching back of the 1st silicon oxide of the above alternatively, and forms a 
sidewall in the side attachment wall of the above 1st, the 2nd, and 3rd gate electrode, The process which 
forms a high concentration impurity layer to the above 2nd and the 3rd gate electrode, and forms an 
NMOS transistor and a PMOS transistor, respectively, the bit line contact which forms in the whole 
surface the 2nd layer insulation film with which flattening of the front face was carried out at the whole 
surface, and reaches this 2nd layer insulation film at the low concentration impurity layer of the 
aforementioned memory cell section, and the high concentration impurity layer of the circumference 
circuit section - with the process which forms a hole The process which forms a bit fine on the front face 
of the layer insulation film of the above 2nd through these bit line contacts, The process which a front face 
forms in the whole surface the 3rd layer insulation film by which flattening was carried out, and forms 
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the contact hole which penetrates this 3rd layer insulation film and the layer insulation film of the above 
2nd, and reaches the high concentration impurity layer of the aforementioned circumference circuit 
section, The process which forms the aluminum wiring connected to each high concentration impurity 
layer through this contact hole. 

[Claim 3] The manufacture method of the semiconductor memory of the claims 1 or 2 which perform the 
photoresist of 1 for the selective etching of a capacity insulator layer and a capacity counterelectrode as a 
mask, remove this photoresist after that, use a photoresist besides a wrap as a mask for a latus field 
rather than this, and carry out etching removal of the layer insulation film of the above 1st. 
[Claim 4] The manufacture method of the semiconductor memory of the claims 1 or 2 which perform the 
photoresist of 1 for the selective etching of a capacity insulator layer and a capacity counterelectrode as a 
mask, and carry out etching removal of the layer insulation film of the above 1st after that, using this 
photoresist of 1 as it is. 

[Claim 5] The manufacture method of a semiconductor memory characterized by providing the following. 
The process which forms a gate electrode in the memory cell section and the circumference circuit section 
on a silicon substrate, respectively. The process which forms a low-concentration impurity layer in the 
aforementioned silicon substrate using the aforementioned gate electrode. The process which forms a 
wrap insulator layer for the aforementioned gate. The process which forms the 1st layer insulation film 
which carried out flattening of the front face on this insulator layer, The process which carries out 
opening of the bit line contact to this the 1st layer insulation film and aforementioned insulator layer, The 
process which forms an electric conduction film on the layer insulation film of the above 1st, and carries 
out selective etching of this and forms a bit line, The process which forms the 2nd layer insulation film 
which besides carried out flattening of the front face, and the process which carries out opening of the 
accumulation electrode contact over the layer insulation film of the above 2nd, the 1st layer insulation 
film, and the aforementioned insulator layer, The process which forms an electric conduction film on the 
layer insulation film of the above 2nd including this accumulation electrode contact, and carries out 
selective etching of this and forms a capacity accumulation electrode, The process which counters this 
capacity accumulation electrode and forms a capacity insulator layer and a capacity counterelectrode, 
The process which carries out the mask of the necessary field, ********** s the aforementioned layer 
insulation film and an insulator layer one by one, and forms a sidewall in the side of the aforementioned 
gate electrode, and the process which carries out the mask of the aforementioned memory cell section, 
and forms a high-concentration impurity layer in the aforementioned circumference circuit section. 
[Claim 6] The manufacture method of a semiconductor memory characterized by providing- the following. 
The process which forms a field oxide film in the isolation field on the front face of a silicon substrate, and 
forms the memory cell section and the circumference circuit section, and forms the 4th gate electrode over 
the circumference circuit section in each part through a gate oxide film from the 1st, the 2nd, and 3rd 
gate electrode and memory cell section. The process which forms a low -concentration source field and a 
low-concentration drain field in the aforementioned silicon-substrate front face to the above 1st and the 
2nd gate electrode at a self-adjustment target. The process which forms the 1st silicon oxide used as the 
sidewall of the LDD type transistor of the circumference circuit section. The process which forms an 
etching-proof nature insulator layer on this 1st silicon-oxide front face, the bit line contact which 
penetrates the process at which a front face forms in the whole surface the 1st layer insulation film by 
which flattening was carried out, and this the 1st layer insulation film, aforementioned etching-proof 
nature insulator layer and 1st silicon oxide of the above, and reaches the low concentration source field of 
the above 1st, and the gate electrode of the above 4th - with the process which forms a hole The process 
which forms the 1st electric conduction film, and carries out selective etching of this and forms a bit line, 
A front face forms in the whole surface the 2nd layer insulation film by which flattening was carried out. 
This 2nd layer insulation film, the accumulation contact which penetrates the layer insulation film of the 
above 1st, the aforementioned etching-proof nature insulator layer, and the 1st silicon oxide of the above, 
and arrives at the aforementioned low-concentration source field - with the process which forms a hole 
The process which forms the 1st electric conduction film in the whole surface, carries out selective etching 
of this and forms a capacity accumulation electrode, The process which forms a capacity insulator layer 
and the 2nd electric conduction film in the whole surface one by one, carries out selective etching of the 
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electric conduction film of the above 2nd, and forms a capacity counterelectrode, The process at which 
etching removal of the above 1st and the 2nd layer insulation film is carried out, and the aforementioned 
etching-proof nature insulator layer is exposed, The process which removes this etching-proof nature 
insulator layer, and the process which carries out the etching back of the 1st silicon oxide of the above 
alternatively, and forms a sidewall in the side attachment wall of the above 2nd and the 3rd gate 
electrode, The process which forms a high concentration impurity layer to the above 2nd and the 3rd gate 
electrode, and forms an NMOS transistor and a PMOS transistor, respectively, the bit line contact which 
forms in the whole surface the 2nd layer insulation film with which flattening of the front face was 
carried out at the whole surface, and reaches this 2nd layer insulation film at the low concentration 
impurity layer of the aforementioned memory cell section, and the high concentration impurity layer of 
the circumference circuit section -- with the process which forms a hole The process which forms a bit line 
on the front face of the layer insulation film of the above 2nd through these bit line contacts, The process 
which a front face forms in the whole surface the 3rd layer insulation film by which flattening was carried 
out, and forms the contact hole which penetrates this 3rd layer insulation film and reaches the high 
concentration impurity layer of the aforementioned circumference circuit section, and the process which 
forms the aluminum wiring with which it connects with each high concentration impurity layer through 
this contact hole. 

[Claim 7] The claim 1 which includes the process which forms a refractory-metal silicide film in the 
aforementioned high concentration impurity layer after forming the high concentration impurity layer of 
the NMOS transistor of the circumference circuit section, and a PMOS transistor, or the manufacture 
method of one semiconductor memory of 6. 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the manufacture 
method of DRAM (dynamic random access memory) with the memory cell which has the capacitor of a 
stack structure about the manufacture method of a semiconductor memory. 
[0002] . 

[Description of the Prior Art] In DRAM which generally has the memory cell of a stack structure, since a 
stack capacitor will be formed after transistor formation, many heat treatment processes are needed after 
transistor formation. Specifically, it is processes, such as impurity diffusion for resistance reduction of a 
reflow for flattening of a gate electrode and a capacity accumulation inter -electrode layer insulation film, 
and the electrode material of a stack capacitor, and scaling of a capacity insulator layer, for example, heat 
treatment for about a total of 120 minutes is needed at the temperature of about 800-950 degrees C. The 
impurity in the source field of a transistor and a drain field is spread with this heat treatment, and the 
diffusion layer depth will become deep or will be prolonged at a longitudinal direction un-wanting. In this 
case, the fall of the threshold voltage by the short channel effect becomes easy to take place/and, for this 
reason, channel length between the source field of the above-mentioned transistor and a drain field 
cannot be reduced to below a fixed size, but there is a trouble that improvement in the speed of the 
switching operation of transistors for circumference circuits, such as a WORD driver and a timing 
generator, will be restricted. Then, there are some which were indicated by JP,4- 134859, A as technology 
for solving such a trouble. 

[0003] Drawing 9 and drawing 10 are the cross sections of the order of a process for explaining the 
manufacture method of the conventional semiconductor memory indicated by the aforementioned official 
report. A circumference circuit is the example of DRAM which consisted of CMOS, and this conventional 
example has shown the NMOS portion of a circumference circuit, and the portion of a memory cell in this 
drawing. First, after forming the P well 2 and the N well 3 in the P type silicon substrate 1 as shown in 
drawing 9 (a), forming the field oxide film 4 in the front face of a parenthesis alternatively by the usual 
LOCOS method and performing the impurity ion implantation for threshold armature -voltage control, 
the gate oxide film 5 is formed by thermal oxidation. Next, the about 300nm polycrystal silicon film which 
doped Lynn (P) as 1st electric conduction film is deposited on the whole surface, patterning of this is 
carried out, and the gate electrodes 6A and 6B are formed. 

[0004] Then, the gate electrodes 6A and 6B are used as a mask, the ion implantation of Lynn (P) is carried 
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out to the NMOS portions of the memory cell section and a circumference circuit two E13 to about two, 
and it is N. - A diffusion layer 7 is formed. Then, the 1st about 200nm silicon oxide 8 is formed in the 
whole surface by the chemical vapor growth. This 1st silicon oxide 8 turns into a layer insulation film 
between the MOS transistors and stack type capacitors in a memory cell. 

[0005] Next, it is N as shown in drawing 9 (b). - The 1st silicon oxide 8 on a diffusion layer 7 is 
********** e( j 0 p en i n g 0 f the contact 11 for the capacity accumulation electrodes of a stack type 
capacitor is carried out. Then, the about 400nm polycrystal silicon film which doped phosphorus CP) as 
2nd electric conduction film is deposited by the chemical vapor growth, and the capacity accumulation 
electrode 12 which carries out patterning of this and turns into a lower electrode of a stack type capacitor 
is formed. Next, a silicon nitride is deposited on the whole surface, it oxidizes in 950 more-degree C steam 
atmosphere for 20 minutes, and the capacity insulator layer 13 is formed. Then, the about 200nm 
polycrystal silicon film which doped phosphorus (P) as 3rd electric conduction film is deposited by the 
chemical vapor growth, a photoresist 15 is used as a mask, and this polycrystal silicon film and the 
capacity insulator layer 13 are ********** e d. The capacity counterelectrode 14 used as the up electrode of 
a stack type capacitor is formed by this, and formation of the stack type capacitor itself is completed. 
[0006] Then, as shown in drawing 9 (c), a photoresist 15 is used as a mask, the etching back of the 1st 
silicon oxide 8 is performed, and the sidewall 17 which consists of the 1st silicon oxide 8 is formed. Next, 
as shown in drawing 10 (a), after removing a photoresist 15, a photoresist 16 is formed, a photoresist 16, a 
sidewall 17, and the gate electrodes 6A and 6B are used as a mask, the ion implantation of the arsenic 
(As) is carried out about [ three El5cm - ] two, and it is N+. A diffusion layer 18 is formed. Thereby, 
NMOS of LDD structure is formed in the circumference circuit section. Similarly, a photoresist 16 is 
removed, in a wrap photoresist (not shown), the NMOS section of the memory cell section and the 
circumference circuit section is used as a mask, and PMOS (not shown) of the circumference circuit 
section is formed [ section ] by about [ three El5cm - ] two ion implantation of 2 fluoridation boron (BF2). 
[0007] Next, as shown in drawing 10 (h), after removing a wrap resist (not shown) for the NMOS section 
of the memory cell section and the circumference circuit section, the 1st layer insulation film 10 which 
consists of a BPSG film is deposited on the whole surface, and it is N. * A diffusion layer 7 and N+ By 
**********i n g ^gj. ] a y er insulation film 10 on a diffusion layer 18, opening of the bit line contact 20 is 
carried out. Then, a bit line 21 is formed, next, the 2nd layer insulation film 19 which becomes the whole, 
surface for example, from a BPSG film - depositing - N+ **********ing the 1st layer insulation film 10 
on a diffusion layer, and the 2nd layer insulation film 19 - contact - opening of the hole 23 is carried out 
Then, the aluminum wiring 24 is formed and a semiconductor memory is completed. 
[0008] 

[Problem(s) to be Solved by the Invention] There are the following troubles in DRAM with the memory 
cell of such a conventional stack structure. 

(l) In the memory cell which consists of an MIS type transistor and a stack type capacitor, and the 
semiconductor memory which has a circumference circuit using the LDD type transistor, since the layer 
insulation film between the MIS type MIS transistors and stack type capacitors in the aforementioned 
memory cell forms by the same insulator layer as the insulator layer which accomplishes the sidewall of 
the type MIS transistor aforementioned [ LDD ], flattening of the front face according the aforementioned 
layer insulation film to deposition of for example, a BPSG film and a reflow cannot be performed. 
[0009] It is because it becomes impossible to form the sidewall of a desired configuration in the side 
attachment wall of the gate electrode of the LDD type transistor of a circumference circuit when 
flattening of the aforementioned layer insulation film front, face is carried out even if it performs the 
etching back. And it is because etching of the capacity accumulation electrode from which the lower limit 
serves as a lower electrode of a stack capacitor in the latest DRAM designed by 0.35 micrometers becomes 
very difficult like 64MDRAM when flattening cannot be performed. For example, since the word line 
interval of the memory cell section of 64MDRAMs is usually designed by about 0.4 micrometers, when a 
0.1 -micrometer sidewall is formed in a gate side attachment wall, an about 0.2-micrometer crevice will 
open. If it does not remove completely the polycrystal silicon film deposited on the slit inserted by such 
gate electrode, either, in **********ing, the stack capacitor comrade of an adjoining memory cell will 
short-circuit electrically the polycrystal silicon film used as a capacity accumulation electrode. You have 
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to perform excessive etching of about 3 times from the double precision of the etching processing time 
performed by the time the polycrystal silicon of a flat place was removed and the layer insulation film of a 
ground was exposed, in order to prevent it. And during excessive over etching processing, since excessive 
etching gas corrodes gradually the polycrystal silicon of the side attachment wall portion of a capacity 
accumulation electrode, it becomes difficult to acquire a desired configuration. 

[0010] (2) Since the layer insulation film between the MIS type transistors and stack type capacitors in a 
memory cell forms by the same insulator layer as the sidewall of a LDD type transistor as mentioned 
above The wet etching process by the buffered fluoric acid (HF) solution for removing the natural 
oxidation film on the front face of a silicon substrate exposed within the contact hole performed just 
before depositing the 1st electric conduction object used as the capacity accumulation electrode which is a 
lower electrode, The wet etching process for removing the etching process for patterning of a capacity 
accumulation electrode, and the natural oxidation film of the capacity accumulation electrode front face 
before capacity insulator layer formation, Since the layer insulation film used as the aforementioned 
sidewall exposed in the circumference circuit section according to the etching process of the 2nd electric 
conduction object used as a capacity counterelectrode etc. will be alike in process [ each ] and about 
10-20nm will ********** respectively It is difficult to control the sidewall of a LDD type transistor in a 
desired configuration. 

[0011] (3) In DRAM to which detailed'izing and high integration progressed like 64MDRAM further, since 
it says that the large plane area of that processing of a bit line becomes easy and a capacitor can be taken 
compared with the former, the structure which arranges a bit line in the lower layer of a stack type 
capacitor is becoming in use from the structure where the structure of a memory cell arranges the 
conventional bit line in the upper layer of a stack type capacitor. Generally such memory cell structure is 
called COB structure (capasitor over bit-line structure), and is indicated by reference "M. Sakao et al. and 
IEDM'90,655." 

[0012] In DRAM which has the memory cell of this COB type structure when the high concentration ion 
implantation which is arsenic (As) and 2 fluoridation boron (BF2) for sidewall formation of a LDD type 
transistor and source drain formation is made to be performed after stack type capacitor formation using 
a Prior art Since the layer insulation film of an MIS transistor, a bit line, and a stack type capacitor 
electrode and the insulator layer which accomplishes a sidewall will be formed by the same insulator 
layer, flattening is not made, but as a result, etching of a bit line and a stack capacitor electrode is the 
same as the reason for the above, and becomes difficult. And in the lower layer portion in which a bit line 
is arranged, there is a problem that a bit line will become a mask and an insulator layer will remain. 
When the LDD type transistor of a circumference circuit is arranged at the lower layer of a bit line, 
formation of the sidewall of a LDD transistor and a source drain cannot do only the portion which is just 
under a bit line. 

[0013] The purpose of this invention is to offer the semiconductor memory which is to offer the 
semiconductor memory suitable for the high integration which does not produce a short channel effect to 
which the threshold voltage of the transistor for circumference circuits falls to un-wanting, and can 
accelerate the switching operation of the above-mentioned transistor for circumference circuits. Moreover, 
another purpose of this invention is to offer the semiconductor memory which can control the sidewall of 
the LDD type transistor of the circumference circuit section in a desired configuration. Furthermore, 
another purpose of this invention is in the memory cell of the COB structure which has arranged the bit 
line in the upper layer of a stack type capacitor to offer the semiconductor memory suitable for the high 
integration which does not produce a short channel effect to which the threshold voltage of the transistor 
for circumference circuits falls to un-wanting which can moreover accelerate the switching operation of 
the transistor for circumference circuits. 
[0014] 

[Means for Solving the Problem] The process at which the manufacture method of this invention forms a 
gate electrode in the memory cell section and the circumference circuit section on a silicon substrate, 
respectively, The process which forms a low -concentration impurity layer in the aforementioned silicon 
substrate using the aforementioned gate electrode, The process which forms a wrap insulator layer for 
the aforementioned gate, and the process which forms the layer insulation film which carried out 
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flattening of the front face on this insulator layer, The process which carries out opening of the 
accumulation electrode contact to this layer insulation film and the aforementioned insulator layer, The 
process which forms an electric conduction film all over including this accumulation electrode contact, 
and carries out selective etching of this and forms a capacity accumulation electrode, The process which 
counters this capacity accumulation electrode and forms a capacity insulator layer and a capacity 
counterelectrode, The mask of the necessary field is carried out and it is characterized by including the 
process which ********** s the aforementioned layer insulation film and an insulator layer one by one, 
and forms a sidewall in the side of the aforementioned gate electrode, and the process which carries out 
the mask of the aforementioned memory cell section, and forms a high-concentration impurity layer in 
the aforementioned circumference circuit section. 

[0015] Here, etching removal of the layer insulation film of the above 1st is carried out, performing the 
photoresist of 1 for the selective etching of a capacity insulator layer and a capacity counterelectrode as a 
mask, removing this photoresist after that, and using a photoresist besides a wrap as a mask for a field 
larger than this. Or the photoresist of 1 is performed for the selective etching of a capacity insulator layer 
and a capacity counterelectrode as a mask, and etching removal of the layer insulation film of the above 
1st is carried out after that, using this photoresist of 1 as it is. 

[0016] Moreover, the process at which other manufacture methods of this invention form a gate electrode 
in the memory cell section and the circumference circuit section on a silicon substrate, respectively, The 
process which forms a low-concentration impurity layer in the aforementioned silicon substrate using the 
aforementioned gate electrode, The process which forms a wrap insulator layer for the aforementioned 
gate, and the process which forms the 1st layer insulation film which carried out flattening of the front 
face on this insulator layer, The process which carries out opening of the bit line contact to this the 1st 
layer insulation film and aforementioned insulator layer, The process which forms an electric conduction 
film on the layer insulation film of the above 1st, and carries out selective etching of this and forms a bit 
line, The process which forms the 2nd layer insulation film which besides carried out flattening of the 
front face, and the process which carries out opening of the accumulation electrode contact over the layer 
insulation film of the above 2nd, the 1st layer insulation film, and the aforementioned insulator layer, 
The process which forms an electric conduction film on the layer insulation film of the above 2nd 
including this accumulation electrode contact, and carries out selective etching of this and forms a 
capacity accumulation electrode, The process which counters this capacity accumulation electrode and 
forms a capacity insulator layer and a capacity counterelectrode, The mask of the necessary field is 
carried out and it is characterized by including the process which ********** s the aforementioned layer 
insulation film and an insulator layer one by one, and forms a sidewall in the side of the aforementioned 
gate electrode, and the process which carries out the mask of the aforementioned memory cell section, 
and forms a high-concentration impurity layer in the aforementioned circumference circuit section. 
[0017] Here, after forming the high concentration impurity layer of the NMOS transistor of the 
circumference circuit section, and a PMOS transistor in each aforementioned manufacture method, it is 
desirable to include the process which forms a refractory -metal silicide film in the aforementioned high 
concentration impurity layer. 
[0018] 

[Embodiments of the Invention] Next, the operation form of this invention is explained with reference to a 
drawing. Drawing 1 and drawing 2 are the cross sections of the main manufacturing processes for 
explaining the manufacture method of the 1st operation form of this invention. First, the P well 2 and the 
N well 3 are formed in the necessary field of the front face of the P type silicon substrate 1 like drawing 1 
(a). A silicon nitride is saved only to the element formation schedule field of P well 2 front face which 
included N well 3 front face in the whole surface by etching which used the silicon nitride (not shown) as 
the mask. After removing a photoresist film, well-known LOCOS oxidization is performed and the field 
oxide film 4 of about 300nm of thickness is formed in the isolation field of a P well 2 substrate front face 
including N well 3 front face. After removing a silicon nitride, the gate oxide film 5 of about 10*l2nm of 
thickness is formed in the above-mentioned element formation schedule field by thermal oxidation. 
[0019] Next, the gate electrodes 6A and 6B which consist of the polycrystal silicon film (not shown) of 
about lOOnm of thickness and the tungsten silicide film (not shown) of about lOOnm of thickness are 
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formed. Furthermore, a wrap photoresist film (not shown) is used as a mask for N well field 3, the ion 
implantation of 40keV and about [ 2x101 3cm ■ ] two phosphorus (P) is performed, and it is N. * The type 
diffusion layer 7 is formed. Next, the 1st silicon oxide 8 used as the sidewall of the LDD transistor of the 
circumference circuit section is formed. When this silicon oxide consists of a HTO film, an example of the 
formation method of this is as follows. An about lOOnm HTO film is formed in the whole surface by about 
800 degrees C [ which made material gas the silane (SiH4) and the nitrous oxide (N2 0) ] LPCVD. 
[0020] Furthermore, the silicon nitride 9 of about 50nm of thickness is formed in the whole surface by the 
LPCVD method which made material gas a dichloro silane (SiH2 C12) and ammonia (NH3). Furthermore, 
the BPSG film of about 300nm of thickness is formed in the whole surface by the LPCVD method which 
made material gas TEOS [Si (OC two H5)4] gas, a phosphine (PH3), trimethyl borate [B(OCH3) 3] gas, 
and oxygen (02) gas. A reflow of the BPSG film is carried out at the temperature of 750-900 degrees C, 
flattening of the BPSG film front face is carried out, and the 1st layer insulation film 10 is formed. 
(Drawing 1 (a)) 

[0021] next, the anisotropic etching using the etching gas (CHF3 and CF4) of the fluorocarbon system 
which used the photoresist (not shown) as the mask like drawing 1 (b) - N- the accumulation electrode 
contact which reaches the type diffusion layer 7 - a hole 11 is formed Then, the N type doped amorphous 
silicon film of about 800nm of thickness is formed by the LPCVD method which makes material gas 
mono-silane (SiH4) gas and phosphoretted-hydrogen (PH3) gas after removing the above-mentioned 
photoresist. Or you may change into an N type polycrystal silicon film by the ion implantation of arsenic 
or phosphorus, or the thermal diffusion of phosphorus after depositing a non doped polycrystal silicon 
film instead of an amorphous silicon film. The high impurity concentration of an N type doped amorphous 
silicon film or an N type polycrystal silicon film is about 1x1020 here. 

[0022] Subsequently, a wrap photoresist (not shown) is formed for the schedule field top of formation of a 
capacity accumulation electrode on the front face of an N type doped amorphous silicon film, and the 
capacity accumulation electrode 12 is formed of the anisotropic etching which used this photoresist as the 
mask. Furthermore, after performing washing of the front face of the capacity accumulation electrode 12, 
removal of a natural oxidation film, etc., The rapid heat nitriding (RTN) for about 60 seconds is performed 
in about 870-degree C ammonia (NH3) gas atmosphere, and the silicon nitride (not shown) of about 0.5nm 
of thickness is formed in capacity accumulation electrode 12 front face, by the LPCVD method After 
forming the silicon nitride (not shown) of about 6nm of thickness in the whole surface, it ** about 30 
minutes in about 850-degree C steam atmosphere, the silicon-oxide film (not shown) by thermal oxidation 
is formed in the front face of a silicon nitride, and the capacity insulator layer 13 of about 5nm of 
silicon-oxide film conversion thickness is formed. Then, the N type polycrystal silicon film (not shown) of 
about 150nm of thickness is formed in the whole surface, by the anisotropic etching which used the 
photoresist 15 as the mask, this N type polycrystal silicon film and the capacity insulator layer 13 are 
**********ed one by one, and the capacity counterelectrode 14 is formed. 

[0023] Next, like drawing 1 (c), after removing a photoresist 15, a photoresist 25 is formed so that the 
memory cell section may be covered, the 1st layer insulation film 10 is removed by the wet etching by the 
hydrofluoric -acid (HF) solution by using this photoresist 25 as a mask, and the silicon nitride 9 is exposed. 
When a hydrofluoric- acid (HF) solution is used, the etch*rate ratio of the BPSG film and the silicon 
nitride 9 which constitute the 1st layer insulation film 10 BPSG: Silicon nitride = if an about 50nm silicon 
nitride is used for becoming about 100^1 and removing an about 300nm BPSG film as a stopper insulator 
layer Film decrease of the field oxide film 4 and the 1st oxide film 8 can be suppressed, and the 1st layer 
insulation film 10 of the circumference circuit section can be removed completely. 

[0024] In addition, use a silicon oxide instead of the silicon nitride 9, and **** for reduced pressure gas 
phase etching by hydrogen fluoride gas is also' good instead of the wet etching by the hydrofluoric- acid 
(HF) solution. The HTO film by the LPCVD method of about 50nm of thickness is used for the silicon 
oxide in this case, to reduced pressure gas phase etching If the conditions with a temperature of about 30 
degrees C using hydrogen fluoride (HF) with a pressure of 600Pa and the steam (H2 O) with a pressure of 
300Pa are used The etch rate to the silicon oxide of the BPSG film which constitutes the 1st layer 
insulation film is 103. It can become about twice, and film decrease of the field oxide film 4 and the 1st 
oxide film 8 can be suppressed, and the 1st layer insulation film 10 of the circumference circuit section 
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can be removed completely. 

[0025] Next, the etching back of the silicon nitride 9 and the 1st silicon oxide 8 is carried out one by one by 
using a photoresist 25 as a mask, and the sidewall 17 which consists of the 1st silicon oxide 8 is formed. 
This etching back is the basis of power 250W and a degree of vacuum 700 (mTorr), it is reactive ion 
etching which makes argon (Ar) gas carrier gas and is performed considering TORI fluoro methane 
(CHF3) and tetrapod fluoro methane (CF4) gas as etching gas, and the flow rate of these gas is CHF3 " : 
CF4 : It is Ar=40sccm*40sccm'800sccm. 

[0026] in addition, the side attachment wall of the sidewall 17 which the silicon nitride 9 becomes from 
the 1st silicon oxide at this time - remaining (not shown) - a silicon substrate - direct not contacting 
(the 1st silicon oxide 8 existing between silicon substrates) - there are no worries about faults, such as 
increase of the junction leakage current by the silicon nitride 9 Moreover, when the fault by the silicon 
nitride 9 occurs, it is lost that what is necessary is just to perform the etching back of the 1st silicon oxide 
8 using the wet etching by the heat phosphoric acid by using a capacity counterelectrode as a mask after 
removing a silicon nitride after removing a photoresist 25 that the silicon nitride 9 remains on the side 
attachment wall of a sidewall 17 by this. 

[0027] Then, it is N+ by ion implantations, such as arsenic which formed the wrap photoresist film 16 for 
N well field 3 and the memory cell section like drawing 2 (a) after removing the photoresist 25, and used 
the photoresist film 16, a sidewall 17, and gate electrode 6B as the mask. The type diffusion layer field 18 
is formed. Furthermore, it is P+ by ion implantations,, such as 2 fluoridation boron (BF2) which used the 
photoresist film according to wrap (not shown) as the mask for P well field 2. A type diffusion layer field 
(not shown) is formed. Thereby, an NMOS transistor and a PMOS transistor are formed in the 
circumference circuit section. 

[0028] Next, like drawing 2 (b), after removing a photoresist 16, the 2nd layer insulation film 19 is formed 
in the whole surface. Flattening of the 2nd layer insulation film 19 front face is carried out, and the 
height of the 2nd layer insulation film 19 front face from P well 2 front face and N well 3 front face is 
about 800nm. the 2nd layer insulation film 19 *- for example, the silicon oxide (HTO film) by the LPCVD 
method and this HTO film in an elevated temperature - the composition from a wrap BPSG film - now, it 
is The purpose which prepares this HTO film is for protecting that phosphorus, boron, etc. are spread to 
an impurity diffusion layer etc. from securing the level difference coat nature of the 2nd [ to the capacity 
counterelectrode 14 and the gate electrodes 6A and 6B ] layer insulation film, and a BPSG film, then, the 
anisotropic etching using the etching gas (CHF3 and GF4) of a fluorocarbon system - N- The type 
diffusion layer 7 and N+ the bit line contact which reaches the type diffusion layer 18 - a hole 20 is 
formed in the 2nd layer insulation film 19 The polycrystal silicon film of N+ type of about lOQnm of 
thickness and the tungsten silicide film of about lOOnm of thickness are formed in the whole surface, 
patterning of this tungsten polycide film is carried out, and a bit line 21 is formed, the manufacture 
method that it is well-known after that - the 3rd layer insulation film 22 and contact - a hole 23 and the 
aluminum wiring 24 are formed and the semiconductor memory of the 1st operation form is completed 
[0029] While carrying out flattening of the layer insulation film of a stack type capacitor and a gate 
electrode according to this manufacture method, after memory cell formation The sidewall of the 
transistor for circumference circuitry, Forming a source field and a drain field Since an insulator layer is 
buried with the slit and level difference which are formed of a gate electrode It acts so that it may not be 
influenced of heat treatment at the time of formation of a memory cell of the source drain field of the 
transistor for circumference circuits, while being able to prevent the electric conduction material which 
constitutes a capacity accumulation electrode from entering into the crevice and side attachment wall 
which are made by the gate electrode. Since the fall of the threshold voltage by the short channel effect of 
the transistor for circumference circuits can be controlled and reduction of the channel length of a 
transistor is also further attained while etching of a capacity accumulation electrode becomes easy, 
improvement in the speed of switching operation is realizable. 

[0030] Moreover, the thing for which etching-proof **** and the 1st layer insulation film which consist of 
a nitride are formed in the front face of the 1st silicon oxide used as the sidewall of a LDD type transistor 
The wet etching process by the hydrofluoric- acid (HF) solution for removing the natural oxidation film on 
the front face of a silicon substrate exposed within the contact hole performed just before depositing the 
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1st electric conduction object used as the capacity accumulation electrode which is a lower electrode, The 
wet etching process for removing the etching process for patterning of a capacity accumulation electrode, 
and the natural oxidation film of the capacity accumulation electrode front face before capacity insulator 
layer formation, Even if it will be alike in process [ each ] with the etching process of the 2nd electric 
conduction object used as a capacity counterelectrode etc. and about lO20nm will **********; 
respectively Since an insulator layer serves as a mask between the 1st layer, it becomes easy for the 1st 
silicon oxide used as a sidewall to prevent to ********** an( i to control the sidewall of a LDD type 
transistor in a desired configuration by this. 

[0031] Drawing 3 and drawing 4 are the cross sections showing the 2nd operation form of this invention 
in order of a manufacturing process. In addition, in the manufacture method of this 2nd operation form, 
the process of drawing 3 (a) and (b) is the same as the process of drawing 1 (a) of the 1st operation form, 
and (b). And in the process of drawing 3 (c), the 1st layer insulation film 10 is removed by the wet etching 
by the hydrofluoric acid (HF) as it is by using the photoresist 15 in the process of drawing 3 (b) as a mask, 
and the silicon nitride 9 is exposed. 

[0032] Subsequently, etchback of the silicon nitride 9 and the 1st silicon oxide 8 is carried out one by one 
by using a photoresist 15 as a mask, and the sadist 17 who consists of the 1st silicon oxide 8 is formed. 
And it is N+ by ion implantations, such as arsenic which formed the wrap photoresist film 16 for N well 
field 3 and the memory cell section like drawing 4 (a) after removing the photoresist 15, and used the 
photoresist film 16, a sidewall 17, and gate electrode 6B as the mask. The type diffusion layer field 18 is 
formed. Furthermore, it is P+ by ion implantations, such as 2 fluoridation boron (BF2) which used the 
photoresist film according to wrap (not shown) as the mask for P well field 2. A type diffusion layer field 
(not shown) is formed. Thereby, an NMOS transistor and a PMOS transistor are formed in the 
circumference circuit section. 

[0033] the process of after an appropriate time and drawing 4 (b) ** setting - the process of drawing 2 (b) 
- the same - bit line contact - opening of the hole 20 is carried out to the 2nd layer insulation film 19, 
and a bit line 21 is formed on it furthermore, the 3rd layer insulation film 22 and contact - a hole 23 and 
the aluminum wiring 24 are formed 

[0034] Drawing 5 and drawing 6 are the cross sections showing the 3rd operation form of this invention in 
order of a process. Drawing 5 (a) - (c) is the same as the process from drawing 1 (a) to drawing 2 (a). That 
is, it is N+ by ion implantations, such as arsenic which formed the wrap photoresist film 16 for N well 
field 3 and the memory cell section, and used the photoresist film 16, a sidewall 17, and gate electrode 6B 
as the mask in the process of drawing 5 (c). The type diffusion layer field 18 is formed. Furthermore, it is 
P+ by ion implantations, such as 2 fluoridation boron (BF2) which used the photoresist film according to 
wrap (not shown) as the mask for P well field 2. A type diffusion layer field (not shown) is formed. Thereby, 
an NMOS transistor and a PMOS transistor are formed in the circumference circuit section. 
[0035] Perform titanium metal (Ti) in a spatter, perform rapid heat annealing for about 10 seconds on the 
whole surface after removing a photoresist 16 after deposition and by the lamp overheating (RTA) method 
by nitrogen*gas-atmosphere mind with a temperature of 800:900 degrees C, titanium metal and silicon 
are made to react like after an appropriate time and drawing 6 (a), and it is N+. Type and P+ The 
diffusion layer field front face of type is changed into the titanium silicide (TiSi) layer 26. And in the field 
exposed except silicon like the front face of the field oxide film 4, or the front face of the 1st layer 
insulation film 10, a silicide reaction does not occur and, as a result, a titanium suicide layer is not formed. 
This unreacted titanium layer is removable by etching for example, by the hydrofluoric-acid (HF) 
solution. 

[0036] Next, the 2nd layer insulation film 19 is formed in the whole surface like drawing 6 (b). Flattening 
of the 2nd layer insulation film 19 is carried out. This 2nd layer insulation film 19 consists of wrap BPSG 
films in about 500-degree C the silicon oxide by ordinary-pressure CVD and this silicon oxide in 
temperature. The purpose which prepares this oxide film is for protecting that Lynn and boron are spread 
to an impurity diffusion layer from a BPSG film. Although flattening of the 2nd layer insulation film is 
performed by usually carrying out a reflow of the BPSG film about 30 minutes at the temperature of 
800-900 degrees C After in the case of this operation form making a BPSG film deposit and performing 
rapid heat treatment for about 10 seconds by the lamp overheating (RTA) method by about 800-degree C 
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nitrogen-gas-atmosphere mind ABPSG film is ground by the well-known chemical mechanical-pohshing 
(CMP) method, make it flat or Or after growing up and carrying out rapid heat treatment of the BPSG 
film by the RTA method, application system insulator layers, such as a silica film, are formed by the spin 
coat method, after performing furnace annealing for 60 minutes at the temperature of about 500 degrees 
C, anisotropic etching performs etchback and flattening is carried out. Thus, since in the case of this 
operation form a titanium silicide layer will be formed before forming the 2nd layer insulation film 19, it 
is necessary to stop subsequent process temperature and subsequent overheating time at low 
temperature as much as possible for a short time, and the formation method of a different layer 
insulation film from the 1st and 2nd operation forms is needed. 

[0037] next, N- The type diffusion layer 7 and N+ the bit line contact which reaches the type diffusion 
layer 18 a hole 20 is formed in the 2nd layer insulation film 19, and a bit line 21 is formed further 
moreover, the formation method of the 2nd layer insulation film 19 the same - carrying out - the 3rd 
layer insulation film 22 - forming - the manufacture method that it is well-known after this - contact - 
a hole 23 and the aluminum wiring 24 are formed and completion ** of the semiconductor memory is 
carried out With this operation form, since the diffusion layer front face of a circumference circuit is 
silicide-ized and the titanium silicide layer is formed, it becomes possible to suppress low the source of the 
transistor of the circumference circuit section, and parasitism resistance of the drain section by about 2 * 
3% as compared with each the 1st and 2nd operation form, and improvement in the speed of a 
semiconductor memory is attained. 

[0038] Drawing 7 and drawing 8 are drawings showing the 4th operation form of this invention in order of 
a process, and are the operation form which applied this invention to COB structure with this operation 
form. First, like drawing 7 (a), like each aforementioned operation form, the P well 2 and the N well 3 are 
formed in the necessary field of the front face of the P type silicon substrate 1, and a silicon nitride is 
saved only to the element formation schedule field of P well 2 front face which includes N well 3 front face 
by etching which used the silicon nitride (not shown) as the mask on the whole surface. After removing a 
photoresist film, well-known LOCOS oxidization is performed and the field oxide film 4 of about 300nm of 
thickness is formed in the isolation field of a P well 2 substrate front face including N well 3 front face. 
After removing a silicon nitride, the gate oxide film 5 of about 10-12nm of thickness is formed in the 
above-mentioned element formation schedule field by thermal oxidation. Next, the gate electrodes 6A, 6B, 
and 6C which consist of the polycrystal silicon film (not shown) of about lOOnm of thickness and the 
tungsten silicide film (not shown) of about lOOnm of thickness are formed. Here, gate electrode 6C 
becomes the wiring arranged ranging over a circumference circuit formation schedule field from a 
memory cell formation schedule field, in order to connect the bit line of the memory cell section to 
aluminum wiring of the circumference circuit section. 

[0039] Next, a wrap photoresist film (not shown) is used as a mask for N well field 3, the ion implantation 
of 40keV and about [ 2x1013cm - ] two phosphorus (P) is performed, and it is N. - The type diffusion layer 
7 is formed and the 1st silicon oxide 8 used as the sidewall of the LDD type transistor of the 
circumference circuit section is formed. The formation method in case this silicon oxide consists of a HTO 
film is the same as the 1st operation form. Furthermore, the silicon nitride of about 50nm of thickness is 
formed in the whole surface by the LPCVD method which made material gas a dichloro silane (SiH2 C12) 
and ammonia (NH3). Furthermore, the BPSG film of about 300nm of thickness is formed in the whole 
surface by the LPCVD method which made material gas TEOS (Si4 (OC two H5)) gas, a phosphine (PH3), 
trimethyl borate (B(OCH3) 3) gas, and oxygen (02) gas. A reflow of the BPSG film is carried out at the 
temperature of 750-900 degrees C, flattening of the BPSG film front face is carried out, and the 1st layer 
insulation film 10 is formed. 

[0040] then, the anisotropic etching using the etching gas (CHF3 and CF4) of a fluorocarbon system like 
drawing 7 (b) - N- the bit line contact which reaches the type diffusion layer 7 and gate electrode 6C - a 
hole 20 is formed in the 1st layer insulation film 19, the silicon nitride 9, and the 1st silicon oxide 
Polycrystal silicon **** of N+ type of about lOOnm of thickness and the tungsten silicide film of about 
lOOnm of thickness are formed in the whole surface, patterning of this tungsten polycide film is carried 
out, and a bit line 21 is formed. 

[0041] Next, the 2nd layer insulation film 19 is formed in the whole surface. Flattening of the 2nd layer 
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insulation film 19 front face is carried out, and the height of the 2nd layer insulation film 19 front face 
from P well 2 front face and N well 3 front face is about 800nm. This 2nd layer insulation film 19 is 
formed from the BPSG film of about 400nm of thickness by the LPCVD method, furthermore, the 
anisotropic etching which used the photoresist (not shown) as the mask -- N* the accumulation electrode 
contact which reaches the type diffusion layer 7 - a hole 11 is formed Then, the N type doped amorphous 
silicon film of about 800nm of thickness is formed by the LPCVD method which makes material gas 
mono-silane (SiH4) gas and phosphoretted-hydrogen (PH3) gas after removing the above-mentioned 
photoresist. The high impurity concentration of an N type doped amorphous silicon film is about 
[ 1x1020cm ■ ] three. 

[0042] Subsequently, a wrap photoresist (not shown) is formed for the schedule field top of formation of a 
capacity accumulation electrode on the front face of an N type doped amorphous silicon film, and the 
capacity accumulation electrode 12 is formed of the anisotropic etching which used this photoresist as the 
mask. Furthermore, after performing washing of the front face of the capacity accumulation electrode 12, 
removal of a natural oxidation film, etc., The rapid heat nitriding (RTN) for about 60 seconds is performed 
in about 870-degree C ammonia (NH3) gas atmosphere, and the Silicon nitride (not shown) of about 0.5nm 
of thickness is formed in capacity accumulation electrode 12 front face, by the LPCVD method After 
forming the silicon nitride (not shown) of about 6nm of thickness in the whole surface, it ** about 30 
minutes in about 850-degree C steam atmosphere, the silicon -oxide film (not shown) by thermal oxidation 
is formed in the front face of a silicon nitride, and the capacity insulator layer 13 of about 5nm of 
silicon-oxide film conversion thickness is formed. Then, the N type polycrystal silicon film (not shown) of 
about 150nm of thickness is formed in the whole surface, by the anisotropic etching which used the 
photoresist 15 as the mask, this N type polycrystal silicon film and the capacity insulator layer 13 are 
**********ed one by one, and the capacity counterelectrode 14 is formed. 

[0043] Next, the 2nd layer insulation film 19 and the 1st layer insulation film 8 are removed by the wet 
etching by the hydrofluoric -acid (HF) solution by using a photoresist 15 as a mask like drawing 7 (c), and 
the silicon nitride 9 is exposed. When a hydrofluoric-acid (HF) solution is used, the etch-rate ratio of the 
1st, the BPSG film which constitutes the 2nd layer insulation film, and the silicon nitride 9 BPSG- Silicon 
nitride = if an about 50nm silicon nitride is used for becoming about 100^1 and removing an about 600nm 
BPSG film as a stopper insulator layer Film decrease of the field oxide film 4 and the 1st oxide film 8 can 
be suppressed, and the 1st layer insulation film 10 of the circumference circuit section can be removed 
completely. 

[0044] In addition, use a silicon oxide instead of the silicon nitride 9, and **** for reduced pressure gas 
phase etching by hydrogen fluoride gas is also good instead of the wet etching by the hydrofluoric- acid 
(HF) solution. The HTO film by the LPCVD method of about 50nm of thickness is used for the silicon 
oxide in this case, to reduced pressure gas phase etching If the conditions with a temperature of about 30 
degrees C using hydrogen fluoride (HF) with a pressure of 600Pa and the steam (H2 O) with a pressure of 
300Pa are used The etch rate to the silicon oxide of the BPSG film which constitutes the 1st layer 
insulation film is 103. It can become about twice, and film decrease of the field oxide film 4 and the 1st 
oxide film 8 can be suppressed, and the 1st layer insulation film 10 of the circumference circuit section 
can be removed completely. 

[0045] Next, the etching back of the silicon nitride 9 and the 1st silicon oxide 8 is carried out one by one by 
using a photoresist 15 as a mask like drawing 8 (a), and the sidewall 17 which consists of the 1st silicon 
oxide 8 is formed. Then, it is N+ by ion implantations, such as arsenic which formed the wrap photoresist 
film 16 for N well field 3 and the memory cell section after removing the photoresist 15, and used the . 
photoresist film 16, the sidewall 17, and the gate electrode 6 as the mask. The type diffusion layer field 18 
is formed. Furthermore, it is P+ by ion implantations, such as 2 fluoridation boron (BF2) which used the 
photoresist film according to wrap (not shown) as the mask for P well field 2. A type diffusion layer field 
(not shown) is formed. Thereby, an NMOS transistor and a PMOS transistor are formed in the 
circumference circuit section. 

[0046] Next, like drawing 8 (b), after removing a photoresist 16, the 3rd layer insulation film 22 is formed 
in the whole surface. Flattening of the 3rd layer insulation film 22 front face is carried out, and the height 
of the 2nd layer insulation film 22 front face from P well 2 front face and N well 3 front face is about 



JP9-260607A 



1200nm. The 3rd layer insulation film 22 consists of wrap BPSG films in the silicon oxide (HTO film) by 
the LPCVD method and this HTO film in an elevated temperature. The purpose which prepares this HTO 
film is for protecting that phosphorus, boron, etc. are spread to an impurity diffusion layer etc. from 
securing the level difference coat nature of the 2nd [ to the capacity counterelectrode 14 and the gate 
electrode 6 ] layer insulation film, and a BPSG film, then, the anisotropic etching using the etching gas 
(CHF3 and CF4) of a fluorocarbon system - a P type diffusion layer (not shown) and N+ the contact which 
reaches the type diffusion layer 18 and gate electrode 6B *• a hole 23 is formed in the 3rd layer insulation 
film 19 Then, aluminum wiring is formed by the well-known manufacture method, and the semiconductor 
memory of this example is completed. 

[0047] Thus, it sets to DRAM which has the memory cell of the COB type structure which arranges a bit 
line in the lower layer of a stack type capacitor. Since the sidewall 17, source field, and the drain field 18 
of the transistor for circumference circuitry are formed after memory cell formation while carrying out 
flattening of the 1st layer insulation film 10 of a stack type capacitor and a gate electrode Since an 
insulator layer is buried with the slit and level difference which are formed of a gate electrode, while 
being able to prevent the electric conduction material which constitutes the capacity accumulation 
electrode 12 from entering into the crevice and side attachment wall which are produced by the gate 
electrode, it becomes unnecessary to form a bit line 21 in the circumference circuit section. Since the fall 
of the threshold voltage by the short channel effect of the transistor for circumference circuits can be 
suppressed and reduction of the channel length of a transistor is also further attained while it acts so that 
it furthermore may not be influenced of heat treatment at the time of formation of a memory cell of the 
source drain field 18 of the transistor for circumference circuits, and etching of the capacity accumulation 
electrode 12 becomes easy, improvement in the speed of switching operation is realizable. Furthermore, in 
the lower layer portion in which a bit line is arranged, the bit line also of the problem that will become a 
mask and an insulator layer will remain is lost. 

[0048] According to each above operation gestalt, the following effects are acquired. In etching of a 
capacity accumulation electrode, time of excessive over etching is made as for the 1st effect to 1/5 or less 
[ conventional ], and it can cut down the amount of heat treatments after transistor formation of the 
circumference circuit section to the conventional quadrant (120 minute ->30 minute) grade at the 
temperature of 800 degrees C * about 950 degrees C. Since detailed*ization of a memory cell not only 
becomes easy, but it can suppress the fall of the threshold voltage by the short channel effect of the 
transistor for circumference circuits and reduction of the channel length of a transistor is attained further 
by this, it is that improvement in the speed of switching operation is realizable. The reason by forming 
the sidewall, source field, and drain field of the transistor for circumference circuitry after memory cell 
formation, while carrying out flattening of the layer insulation film of a stack type capacitor and a gate 
electrode Since an insulator layer is buried with the slit and level difference which are formed of a gate 
electrode What is necessary is that it becomes impossible to remove only the electric conduction material 
of a flat portion since the electric conduction material which constitutes a capacity accumulation electrode 
can be prevented from entering into the crevice and side attachment wall which are made by the gate 
electrode. It is because it can avoid being influenced of heat treatment at the time of formation of a 
memory cell of the source drain field of the transistor for circumference circuits. 

[0049] Moreover, the 2nd effect is that film decrease of the 1st silicon oxide used as the sidewall of a gate 
electrode is almost suppressed by zero. It becomes easy for this to control the sidewall of a LDD type 
transistor in a desired configuration. The reason by forming in the front face of the 1st silicon oxide used 
as the sidewall of a LDD type transistor etching-proof**** and the 1st layer insulation film which consist 
of a nitride The wet etching process by the hydrofluoric* acid (HF) solution for removing the natural 
oxidation film on the front face of a silicon substrate exposed within the contact hole performed just 
before depositing the 1st electric conduction object used as a capacity accumulation electrode, The wet 
etching process for removing the anisotropic etching process for patterning of a capacity accumulation 
electrode, and the natural oxidation film of the capacity accumulation electrode front face before capacity 
insulator layer formation, It is because an insulator layer serves as a mask between the 1st layer even if 
it passes through the anisotropic etching process of the 2nd electric conduction object used as a capacity 
counterelectrode etc. 
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[0050] Furthermore, while the 3rd effect can form the COB type memory cell structure which has 
arranged the bit line in the lower layer of a capacity accumulation electrode, it is that the amount of heat 
treatments after transistor formation of the circumference circuit section is reducible. Since detailed-izing 
of a memory cell and high integration not only become easy but it can suppress the fall of the threshold 
voltage by the short channel effect of the transistor for circumference circuits and reduction of the 
channel length of a transistor is attained further by this, improvement in the speed of switching 
operation can be realized. The reason arranges having formed the side wall, source field, and drain field of 
the transistor for circumference circuitry after memory cell formation, while carrying out flattening of the 
1st of a stack type capacitor and a gate electrode, and the 2nd layer insulation film, and a bit line only in 
the memory cell section, and a bit line is the shell connected with aluminum wiring through the gate 
electrode for pulling out in the circumference circuit section. 

[0051] The 4th effect can fall the parasitism resistance in the source aiid a drain field to about 2 - 3 
conventional, and can realize improvement in the speed of switching operation. The reason is because 
refractory-metal silicide layers, such as titanium silicide (TiSi), are formed in the impurity diffusion layer 
front face of the source of a transistor, and a drain field. In addition, this refractory -metal silicide layer 
can be applied also in the 4th operation gestalt, and can acquire the same effect. 

[0052] 

[Effect of the Invention] Etching of the polycrystal silicon film which constitutes a capacity accumulation 
electrode and a bit line since flattening of the layer insulation film which this invention has two or more 
insulator layers containing the layer insulation film for forming the sidewall of the transistor of the 
circumference circuit section, and serves as a ground of a capacity accumulation electrode or a bit line 
among the insulator layers of a parenthesis is carried out as explained above can be performed suitably in 
a short time, and, thereby, improvement in the speed of switching operation can be realized. Moreover, 
film decrease of a sidewall can be prevented by two or more insulator layers, desired LDD structure is 
acquired with high precision, and a property is improved. Furthermore, the low resistance-ization is 
attained by forming metal silicide in the impurity layer of a transistor, and increase of a working speed is 
obtained. 

[Brief Description of the Drawings] 

[Drawing l] It is the 1 which shows the 1st operation gestalt of this invention in order of a process. 
[Drawing 2] It is the 2 which shows the 1st operation gestalt of this invention in order of a process. 
[Drawing 3] It is the 1 which shows the 2nd operation gestalt of this invention in order of a process. 
[Drawing 4] It is the 2 which shows the 2nd operation gestalt of this invention in order of a process. 
[Drawing 5] It is the 1 which shows the 3rd operation gestalt of this invention in order of a process. 
[Drawing 6] It is the 2 which shows the 3rd operation gestalt of this invention in order of a process. 
[Drawing 7] It is the 1 which shows the 4th operation gestalt of this invention in order of a process. 
[Drawing 8] It is the 2 which shows the 4th operation gestalt of this invention in order of a process. 
[Drawing 9] It is the 1 which shows the manufacture method of the conventional technology in order of a 
process. 

[Drawing 10] It is the 2 which shows the manufacture method of the conventional technology in order of a 
process. 

[Description of Notations] 

1 P Type Silicon Substrate 

2 P Well 

3 N Well 

6A-6C Gate electrode 

7 N - Diffusion Layer (Low Concentration Impurity Layer) 

8 1st Silicon Oxide 

9 Silicon Nitride 

10 1st Layer Insulation Film 

12 Capacity Accumulation Electrode 

13 Capacity Insulator Layer 
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14 Capacity Counterelectrode 

15 16 Photoresist 

17 Sidewall 

18 N+ Diffusion Layer (High Concentration Impurity Layer) 

19 2nd Layer Insulation Film 

21 Bit Line 

22 3rd Layer Insulation Film 

24 Aluminum Wiring 

25 Photoresist 

26 Titanium Silicide Layer 
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Xfit. r©f6a«±lc»iB*Jp*ftUfc«IBil6IWIIt 

H*#* 2 ] -> y a va&KSffloS^HHUgtfc 7 * 
KWbBSrJKj* LTp< *r y -fc £S2ZB!6»i: * 
BrtU a»o«-fBJKy-h«ftJBI*^LT»l,. »2J8. 
J:tWS3©y-h«i«:»«1-*iai, WBJSi. H 

45* i ©-> y = va<k»srjBj*-t-*xai , 

r. m l ©•> y = viMkK*ii±fc»*WttlilMI«r» 

at-raxa*, ss#¥ttfc$nfc*u©ffffl£ftR* 

^BteflfoM-Siai. i©«l©llRWftlMlillWa» 

A&ttftgR* Me$ i ©* y => ymtmznm i^xta 
mm i ©isss k w >««fc"a*5 * 

HLSr»rt-f5X8i:, 8 1 ©»*»*»# U a*o;i 
ii^^iy^V'^LTSWPWttitJRrt+fixa 

i, £Hfc*«M»«fc*2©*««i*fl*JKrtU' 
WEB 2 ©««0t«riKRx y j/^ U-CSft»|S]SffiSr 
.JStf-f-SXai, «I!Ef|l©JIIBIIMMI«r=yf-v^» 

*u mtmm\miimmmzi£ttnk. r©» 

^H4J6l»»*l»*-r 5X8 * , HufEfg i © y =• 
*3©y-h«I©fl«fclM' K»*-A/«:»rtrSI 

at. «re»2At«iS3©*'-h*iK#LTK»§f^ 

OS h7V^^*r3Kj*+5xat, ±ffifc*B5#¥ffl 
A:3;h,fc82©flWlfilM*£ffifc»ritU r©fg2© 

J3fflmmm\cmm* * y * A*B©46*flPF*MWH*W!: 

A2iatttt©ffittft?MftIlc&t3?y K»=«i'** 
h?L*»jdM*5iai:. ZtibOXy YUkav** h£ 
^UT«WE»2©«|>IlfelWI©«iB±K:tf y h**»fifc 

-raxat, »s^?aft$iifcJB3©jenififtfli«:± 

HW&SU ^©SB3©JBraSfe»R*i«tC«ifflS2©JB 
RN&IMSirJtil LTfl&EHiBBK»©iM«*tt*JHfc: 

artaav^^ h*-A't»j«+5iai:, w©=>* 



5 - 1? AE»*JI*jaW-5xai: «r*+6 i £ iWkkt 
5¥9HWB*Stt©S»#fe 
[»*fi3j S«MMfcS*#fi*«©afc3L5'? L 

y^?r-©7d- bSr^^^t LTffvv *:©$ 

«5tt©7* h h&v** £ LT*Ji2|f! 1 ©Jlffl 

&Mug£^ •y3->m£tzm*m i 2 ©**# 
» [«#*4] $juMug£&i#ft«&©a&cs'? 

>y*£-©7;a- h u^* t LXff^\ 

\CZ<D-<D7* M/v?7 h£^©££?i|fflL-Cliufa3!l 
©■IBWMI** y 1 tfctt 2 © 

[111*95] ->y =ys«i©^ y jga® 
KSBi-^ixmy-hmssrm-rsxsi:, Suia^- 
has^jfflLTMia->y =>s«fc{£jgs©^*6^s 

Sr»J*1-5xat.- SMB^- hS:«5lft»»ft3Brt+5 
xat. Cl©i&lt«±l£*E£¥fiteLfcJgl©lP H , JI6 
2« «Mr#rt-t-5iat. r©»i©lWIWWttt«WB 

l©JBBBMWR±fc*«R*»^U, a*o::ii«:Wtx 
Hftt»fifc-f5iai, r©J:lC*B 
S:¥fflfl:LfcK2©JBMI6«RSr»fiS-f5iat, 1MB 
H2©AIHIfblHK. JB l ©JIIRMUUI. »IBI6Wllct> 

fcoTSam«=V^^ hSr§3P-T5Xai:, r©#« 

s^y*:? h^tfB«rfam2©ip B ^j^±(c^mjg 

Sr»flJSr5iai:. i©*JHPBWfiK#|SiLT**l6 

Wiay- h«tt©«ffil!if-'f K^^-A'SrJBrtfSia 

»*©^**JBSr»ja-*-*xat«:«trit«:4**i:-*- 
5*»*EWfiB©«3t*fc 

6 ] -> y 3 v££*ffi©3iiF-#8tfl«elc:7 ^ 
-A' KBftflltJBj* LX* y -tr/^i^aiHlgg^i fc- 

m*u *»o*«wcy-h«fk««r^uTjBi, ^2, 

^3©^- hmiitp< ; ey-fe/u^b^aiHiK^jc*fc 

40 #5JR4©y-h«tt*:»jart-5iai:. WBIIl. B 

2 ©y- lt s es-g-wtctssa© y-^ffl 

XSt, ^ia@KSB©LDDSh7>^^©f-^ 

fijci-sxat. *s^¥flft$n&jRi©AiaHftiui» 

^E(c^-T5xai, ^©£l©AfH£gRJ:ffleif 

ftattj6sstfi!rE»i©v'y =>*ftR*«aLTflj 
C9i ©ffi^sy-^^«fcJ:t;irEB4©y- kss 

so m=>yfit h?L*»j*f5iai:, Si 
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(3) 



3 

'i©lp H mm mrEBAattl6^, iifesiii©->y 
= ymimznm Lxm%i&m<»v-xmmzmtz> 

JBriW$l8*, £Efc*«&lMli:*2©S*«fll£* 
JWWEM&U i«* 2 ©**»*»** s^v^ur* 
«*|6l«S*»rtf 5lSi:. lffi8l*i.tO [ SS2©B 

IilESg2, £3©$'-hS«©«gfclM' 
t-^Wt5Ht« i!Jf2!g2&tf!&3©y-h«; 
ffifCft LTifS&&*M#>l£»$ LTWEr'tlNMO S 

t. £Bfc*ffl!Wttfc3iifc*S2©0IMMW*£ffi 
KWt, ro*2©«MI6IMIfcl)inE>!*!;-fe^»© 

■raids' h*=»>*^ HLSr»riE1-5iat. rtbb© 
tf j/ Mft=iv^^ hSr^LTiWE*2©JilBM6a«®* 

$3©Jim£JUS*£B£ft?j£U £©i63©»nMfili 
fWttSS©»fi*&. 

[11**7] JWHIilB»©NMOS h iP 

MOS Y7y*sx* <T>^Wi&7fmfoM*Wsl&L1tm^ 

[0 0 0 1] 

;<*y-tr/u£#oDRAM (^7-5 • 7>/A • 
7*** -,/*y) ©KEHfefcH+S. 
[0 0 0 2] 

[t£*©ftffi] -j&lc** y *«5g©y * y ■fcA'fctfo 
DRAMlCfe-^Ttt, f7^**^J5£l£(;:** :y4' : ^r 
h*ffifcSM«««iw©™&aB©¥«fc©fc»© 

©fc©©*tt«Mfc». gft£aR©&SBHI:9©xa-c 

fl»ix.if8 oo~9 5 otsawaaicT-g-tfi 2 



4 

y*Jx 9 © V-xfm& <fc (J! K W ^SWtf*}©**^* 
fflmffi©ftT#ier. 9*?-<fc3\ r©fc»±iah7^ 

10 tzVXDVffik LT, #gf!¥4- 1 3 4 8 5 9#£f$gKiS - 
[0 0 0 3] Hi 92WEI 1 0f±, ME^SICiE^^ttit 

«j££ftfcDRAM©#J PBUC*JV^Ttt^ia0' 
K©NMOStt7>£**y*/W©SB#fc*LTfcS. * 
r, H9 (a) 5 •CPfflS'JJai'iBKlfcP* 

OCOSfelCto TiIft#J (C 7 ^ KMftiR 4 

ffifcS&l©*mflH:LTyi' (P) *K-:7*Lfc3 0 0 

>-^LTy-hm®6 A, 6B«r»J*1:5. 

[0004] ft^T, 7-YWM6A, 6BZ^Xi>\C 
LT> * y •fc/u«M8,fctff3iaiaI»©NMO s8b#ic y V 

(P) ?&2E 1 3-2mg^^vaAL, N" ttftff7«r 
±BK2 0 0nma*©»l©'>y' 
= 8 *fc¥ftftttjgft8;K: i 5 »dW-5. r © 

fflh?:/S***£*4'y*ffl* + /<->*i:©W©Jil>]|& 

[00 0 5] fttc, 1119 (b) ^*1"J:5t. N" Jtffc 

£Mn-r*o *v^t, m2©^mstuT^ (p) *k 

-7°L,fc4 0 0nmIg«#Mv'!J =» vKSrft^ttft 

40 »k. 'yv^ymtmzzmcmmL, $t 

JWl3«r»rt1-6. t©«, %3<D'£%Jgit{sXm 
(P) SrK-7 r Lfc2 0 0nme*©#*fiv'y3>fll 

•>^©±S««i:J5e5**»ftttii 4#Jg*$li, ^ 
^y^S* + ^->^e»©JBrti«36T1-5. 
[0 0 0 6] 3I*«^T. 09 (c) IC^tJ:^lC. 7 
so ^- H Ui/X Y I 5 %-??.2\Z.LX% 1 ©->y =>KfliJK 



I 
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5 

*>t»t£*-<M F^-*17Wti. &fC, mi 0 
(a) \C7ik-t £o\C7* YW* M 5Z&£LXfrb 
7* h 1 6£J&£U 7* h 1 6, f- 

y-h^S6A, 6B£v**|CL 
XttM (As) £3E 1 5 cnT 2 g£-f #-Vi£AU N 

+ fe«:S 1 8 *-&&-tz>.. ^*xk J: 9 , mmm^mca 

PTY LDDfl}itON.MOSAS^$^5. PSII-U 
T, 7tH'-^H6^U ^y-fe/l'g&fc.ttf 

f) Srv^^(cUT2*-ft;^ny (B F2 ) ©3E15 
cm^SgtfM'^V&AKJ:^ JiSlelSgg&WPMOS 

[0 00 7] ftlC, 010 ( b ) \C7frf£. 1 fc, 
■fcyu&*i±tfEia@KS^NMOS»£«5 h 

frhAsxiamfniumi ozmffiL, n- toss 

7 , N + f£ftff 1 8 ±<D% 1 ©JfffilfeiRJgl lO^xjrf 
y^-fSdilCfcO, ify hi^v** ^2 0£§fiq-f 
x.tfBPSGl*>b4;5l20l^ffii«l 9£l#» 

u n + ftmi±©ftu©ffm«ftifti 0. «2«)«n 

[0 0 0 8] 

(1) MI smhyyi/x? kxf •y?$>*r'*i'?b 
frb&LZ > * y -Ir/U L D h 7 V v** 9 Srffll/ >fcH 

/HcfcttSMI SSMI S h?^*^**?*!!* 
©W©J1I«I161MW, ifflfBLDDSMI S h 
7>^^wf-Y K**-A'«rrt-rtft«»J:IBI-©IMi 

R-ejEMEUT staic ffleJsnntUR«:Mit.ifBPs 

GR©i§»fc y 7 p -fc J: SgffiO^WtSrff 5 r t # 
[0 0 0 9] fc-tffcbtf, ttEApqi&JMBiiiifc'Fiafl: 

¥fifk«:fT7wi:#"etfcVM§£\ 6 4MDRAM©«t 
9 »£"£/]■>-+&# 0 . 35n mX'^ti- $ ixfcft5fe*C0 D R 
AMT'ti, 9 1 0>T&%Mbt£Z>mAW 

xff 6 4MDRAM©p<^yir/u&©!7-K$faPIffiI 
to. 4/imSK-cKtfSii5«)-e, y-HMfifco. 
1 f inOf-( FCt-^WLfcl^M, 0. 2/x 



5 

= vm>36±KHi* LfcrMitf , PHg-TS ^ * y **© 

^ y f - v ^ftfflWIWo 2 «i» b 3 ft**©** fcx y * 

10 fttttt©ll£S£©£il£A'> y 3 legA UX^ 

[0 0 10] (2) *IiS<0 < t5l-^ ; ey-fe>'HCt5lt5M 
Wili«Bt*LDDfflh7^y^^©-!»-^ K7;*—A-t IS] 

am® 1 4 a * 1 omntozmm-r a smieff 5 =» > 9 

KS:»*f5fc»©^y7r-K*ll (HF) *ttKJ: 

f-v^ie. (Sims 4* 5jg2 cd^s^o^s' 

A^i 45*Wimit##ia [ f»K:tii*li 1 0 ~ 2 

[00 11] (3) 6 4MDRAM<OJ;9J-» 

tt-fktiSftffi-fkroitA/fc'DRAMT-tt, ^^ey-fer/KO* 

>^!J-fe/Ufl|3gf±— jftfcCOBfflfai (capasitor over b 
it-line structure) bUftStlXiS *) , XSR Tm. Sakao 
et al. , I EDM '9 0, 6 5 5 J ldfBfit£tl"CV 

[00 1 2] w©COBS«itW^y'fc/U$: : fr-r3D 
40 RAMlCfc^-C, ^COft^Srffi^X^^s'^S^-y^ 
^Jg^fcLDDSh7>'^^©*'f YVx—Jl'Ws 
rtiy-^« KU"fv»rt©*:»{>©8l:* (As) ^2$ 
ft#uy (BF 2 ) ©^SS-f^-yaASrff 5 J:5KL 
fc^, M I S h7yiP^-f b\fy y$ 

X. My mtf&.mZhZTlS&ftX'&Vy hmtvx 
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y Hjft<OTlK^aiHl!SOLDDS!h7>^^^Ell 
^nr^saw-fctt, tr * M»©XTte*>5tt#©*L 

DD h7^-^^©t>f K^^-zi't y-* ■ KW> 

[0013] *%m<os&)\x mm&mvyvvx? 
<o l % ^fimjE^sf atttT-*- s i o 'turn? + 

«-f5itfc*>9» 4fc±EJSi2B!SJBf7:'S>**© 

■f-srttfes. it, *«wro»j<oa«itt, Jiangs 

ft^JSUBMbKau*:, UM>Wffl@I&ffl h?^** 
[0 0 14] 

line ■> y = v^te** ©**mmi is 

flirE^-hfc« 5 <5 IS*. r©f& 

UfcSIBII6WSESr»^-*-5ia 

B£WtR*#j&u ^zmm^-y^-yyLxm 
[0015] rrx\ ®mmmt®mtfam&<DM$i 

*<D&\cz<oy*Yi''szY&l& : £L* Zti£Vhfci>* 

mt&zmomoy* y w*. Y*^*?t u-cme^ i 
(Dmmmtmi^yf-ym^-rho *>a^i±, sua 

fHSi:S*#fl««©»fc*y? i :'^«:-©7j*- h ui> 

* hSr^<0^*^JfflLT«rEmi©iiF^^^^J'9 L 

[ooi6] *«nnttosit^ii. fyav 

y3>aHRlcflSaUtOT**JB«:»rt-*-5xai:, ME 
y-h«r«5«WI«rJI5<jit5iat. i©»MI±fc 



l ©SP^Il^&tfME&fiffitfc f y hiS^ 

* Yzmtzxnt , irEig i ©JBnj&HR-h£$s 

JBjJi-*-5Igi, w©±fc*ii«:¥fflfl:LfcJ|2©JIM 
«akK*3g*t5ISfc. Diffi$2 0ff|ffl§IM& Jgl 
.©flMfeftlK. SWMftWRtfcfco -C.^Wfia * 
htMP-fSIfii:, £©*«SS=»:<'** h*£trM 
G&2©Jffflfe«m±£*4M&£ji&U ^or*i,£iI 

rt+sia*, mmmm^x* Lxm%mm&®mR 
v&mmzm&^->?y?Lxffisz7- h ts©flSK: 
<m Y'<7*-/i>t:mi&tzj:ub. Kre>«*y*A4esr 

v** LTirEJI2B$&Kifi«&©*M$B£mi- 

[0 0 17] MB#«ft*jSfeKj3^Ttt, ffliS 

@!ggf|$©NMOS h^v^tPMOS Yyl/Vxt 

[0 0 18] 

#ffiLTm^-T2>„ H 1 AUW 2 1©|H6 

1 ©*E©3fS©fiWE»c v P^^/U2 tN^o:^3Sr^ 
^ffifcS/y aJ'lHfcJI (H**n 5r^^^l- 

so 2 ^B©*^*^**^©*^ y 3 vafldKrAC 
tio 7* YW* J»BI*»*Lfca. ^A©LOCO 
saffcfcfiV, N^i^3«BSr^*feP>o:yU2a« 
SBWiH^lliffl^cKBBI 3 0 0 n mSg©7 ^ -/u K 

EXW»AttW$lK.imfcK. J: 9 KV 1 0 ~ 1 2 n m 

mtnf- Ymms sr»j«i-5. 

[0019] jfclc. Jgjf 1 0 0 n mgS©#^fs -> y =» 
(0^*1*) tKllOOnmigW^^fy 
••>y*w K« (H**f) *»t>*4y-HMi6A. 
io 6B&Jg^-t-S„ £?>K, N!?i/U^lS3$:S^y* h 
U-^ (H^*f) Sr-^^^ICLT, 40k eV, 
2X l 0 13 cm- 2 Sg©jK (P) ©^3f->ffiAS:fft\ 

'h^^W-f K!>d~^ti5Sl©->y 3^1 
<UI8«:»j4-*-5. i©'>y 3V«ftJK#HTO«*»?> 
iii©»rt*ffi©-«Htft©J:5l!:4oT^ 
5. ->5y (S i H 4 ) iiEKftS^ (N 2 O) 
»^ttfc8 0 0 , Ce«^©LPCVDtJ:9. ^B 
IC1 0 0 nma*©HTOJH«:jertf 6. 
so [0 0 2 0] $5>|C, ^B^i/jy (S i H2 C 
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1 2 ) t7ls*-T (NH 3 ) k&HmXxkLIZLP 
CVDfe^it), IS5 0nmSS©i/^yi«9 

TEOS (S i (OC 2 H 
5 ) 4] V (PH 3 ) i hyfffrtiy 

-n» cb (och 3 ) 3 1 (o 2 ) #xti 

JM**** LfcLPCVDftfciO, H93 OOnmg 
*©BPSGlU:£iite»ja+5. 7 5 0~9 0 0'C© 
figT'BPSG^^y 7a-UT, BPSGJ^SBft 5 !* 

mt u -c jg 1 ©s mttSH 1 0 ft m-r 5. (H 1 

(a) ) 

[0021] Hi (b) ©£5fc:> 

lyf^W (CHF3. CF 4 ) «rfflv^fc**ttx 
yf-V^Ki!). N" fflaaM7fc*+5#»lii3i/ 

h?Ll liWBjfcSiiS. Ufcv^T» h&yf V^Vx 
FWiLfcil^yi/^y (S1H4) #xb7*a 
7-f> (PH 3 ) #*£Djf^;tf;*i1-£LPCVDaHc 
J: 9 » W800 n mg&©NM K-7° K#jFbK>' y = 

um<oj*ymAi> t < ii$i©j$&teift^lcj; 9 N££tt 
[0 0 2 2] £»*&t8ffitf>JfSj£©- : FJ£8l#-l: 

K->y 3yjg©sB±M^j&u r©7*hu^hS: 

i*S»ft»»»**ftfTofc*, 8 7 0t:&£©7 

y*=r (nh 3 ) #*£Ba-ee offresw&jaa&s 

ft (RTN) fcfTk\ ^»S»S«1 2SfittRlf 0. 
5 nmtSWv'U 3>"«ftil (8**1*) *»J*U L 
PCVDSICJ:?), ^®(C^J¥6 nmSSWv'U 
ftjg£ (H**"f) fc»J*Ufcft, 8 5 0VU^<O^- 
^#fflSUC3 0#gSB§U ~>y 3Vg{tJgC0S®(C^ 

•> y =» VBBMHSff 5 n mS£©$ft|&ftB 1 3 

gt^T, 5 0 nmg£©NS!#il&§ 

■>!)3y|g (8**+) SrJBjfcU 7* h h 1 5 

I'/DaV* £41611^1 3 fc^^s^^ UTS 

ftttAmc 1 4 fcjBfcf s. 

10 0 2 3] 121 (c) ©<fc?l£, 7* 

H 5*r**Lfcf^*y.ir*'»4i:S5J:5fc7;*-h 
V'yT. h 2 5 SrBfifcU h I'v'* b 2 5 Sr^* 

9 b L-C«ioJliaM6»Bli 0«:»fc**» (HF) jg 
ASK is?* y h^f-^T'iftiu ->y =>>mtm 

9fc»ti$tf6. #fc7kHi& (HF) fflKfrffllr^H 

jk i oin«iHR i o zmfctt bps GBit ->y 



JO 

=>v2ftK=l 00 : I6£i&9, 30 0nmgS© 
B P SGJg£|&*1- 0 nmIS«'>!) av&ffc 

Ms 4 i ©imur 8 ©sias o **mm LE.ofliaEK» 

<n% 1 ©JMifeftM 1 0 t36^K»*1-5 w 4 i»-Ct 
5. 

lOO 2 4] /jMb\ ->!J3yif[;l9«^!llCv'y3 

ymmzm\ (hf) sancj:***? 

tt, JRff5 0nmS*«5LPCVDfe»c«t5HTOJRSr 
m\ tftEftftiy^V^litt. S*60 0Paffl*ft 
7K^ (HF) 4JE* 3 0 0 P a (H 2 0)_*J8 

3 CC'SftCAftSrffl^tltf, 9 1 ©JMfett 
J8ft«^-f5 BPS GJjg© -> y n y«ffc«t#i-Si y 
f- yym&t± l 0 3 4 4 9 , 7 -f -/u KHMUR4 
1 ©Kftl 8 eo^M 9 5:fli0J L E.ofiiaHB»ro» 

i ojiniasffi i o r. t iflt-e* s. 

20 [0 0 2 5] 7* h U-v 1 ^ h 2 5ftv^^4 UT 

'✓!)= V^ft^ 9 *5 i Ot» 1 © v' y 3 VKft^ 8 Srffifc 

^14, ^7-2 5 0W, KSS7 0 0 (mTorr) ©fct 

•c*, 7/ua*y (Ar) ^ft^f+y7^4t, hy • 

7/U^-n •y^y(CHF3) ifh? - 7/U^-n • ? 
(CF 4 ) Xx%*y<3-V?$*b LX'fit>tlZ>R 

^Jx.(JCHF3. : C F4 : Ar =4 Osccm : 4 Osccm : 
30 8 0 OsccraT'foS. 

[0 0 2 6] r©4**!)=»v!Mfcfll9s4»JBl© 
•>y 3>IMkflld»e)<c5*-< K>7*-/H 7©{8|gt£« 

(B**r) ^> ->y = ymm t&im&muj: 

^ («>ya ymm b 1 © y 3 y®ft^ 8 
4+5) ©-C^ysyafUUgKiistt^y-^aflE© 
«*4fc*©'F^©'MaH:ftv\ *fc, 

5 «rK*«fc**atfl*K*r?;i* t UTifty v^tc i 
H^y^fflK^y 3i/afldRftR8±« 
40 izmi<Oi/\) ^ym\^8<Dx.y f-yy^y? % ft 

iilKJ:9*-f K!7^- 7©fl«K'>!> ^ 

[0 0 2 7] gcl<>T» 1212 (a) i ©ijK, 7*YV*s 
* h 2 5 LTA»?> N 17 ^/u^tS 3 *5 ^ ]} ± 
>\>U*W07* l"^ hKl 6=H2fi£U 7*M^v? 

Bfc-^**fcLfctt*l$©-f:*->'ttAfcJ:9, N + Sffi 
WBa«l 8tJg^1"5. ^tjic. P**/i4i«2«:iR 
5»J<D7^ KL"^^ (12^*1*) Srv^^{ct7c:2 
so Wny (BF-2 ) ^(O^+yaAlCj:!?^ P + 
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.fltifltt (H**i*) micto, wani 

[002 8] jJcjC, 132 (b) ©<fc5l^ 7th^ 
h 1 6 Lfcftfc. 2 ©ARfefHS 1 9 & 

»2©JilBB&»Rl 9^EI4¥ffl{k$tbXio 
•3, P£;r^2"Sffi*5J:0 ? N7i/'l'3Slffi;^?>©£2© 

2 ©JIRi£gJ& 1 9 tt, MX. tf SifiT?© LPCVDfelC 
J:5->y =vSMkR (HTOI) fc£©HTOR*B5 
BPSGR4i»fefl|J5JlST^5. ^©HTOBKrRttS 
Btttt, MttAWIi 4*iJ:tM l '--h**6A. 6B 
» 2 ©S mtMU^KgflMettSrftft-*- 5 d i 
t B P S cmfr # n v$#?M4feWRJI«^ttft 

l»xyfy^ (CHF 3 , CF 4 ) 
tt^fT^niJ:*), N" SffiHWf 7*5<ttfN + gttflfc 
■ 1 8K*f5fy Hay?? H2-0ft»2©JiM 
ttttK 1 9 fcJBfiR-f-S. 1 0 0 n mStroN 

+§!©#*§£ v' y = ^K*5 J: tflgJ? 1 0 0 n m8^ © 9 

- #yiM KHSv^-v^v^LTf Ml 2 1 SrJg 
SUg2.2, 3^^ h?L23, 7/U5 = 17ASB«2 4 # 

[0 0 2 9] co»S*fetJ:*btf, 

p< * y ±A>Bjm\cm}a®nmi&R h?*?** ©im 

- hftfflc J: 9 T*# SMtN*fltt£A 9 i&Sfc^ «t 5 
■ctSiirtKflaHKffl h7^^oy-^ • ku 
^ !> **©»rtB*©JIMfca©l«*ft«tfc 
k*J:5fcf1UBUC. «**«*«©* yyWiWMfc 

[0030] LDD3}h7Vv , **©iM' K** 

&Sffi-efe-5g*Sffl«&£ 45JB 1 ©*®*«:*Sai- 
»R*iE©i*WUi«:**i-5fcftO*^bk*» (H 

F) WfoK&hV^V hay^v^ia. 

£jftffi©£ftffm&*Si© i «5»fkKS:»*tSfcft 



7^ 

0~2 Onmggi^V^ftSrtKftoTi, £ 
L, rixl£j:9 LDDlh7^^©t^ K A- 

*Bfa©»ttfc«»-f i r. t 5. 

[00 3 1] a 3&tfm 4 0*891©$ 2 ©megs* 

«exS«t*t1»ffiH-e*>5. 4*s.- r©£2©HJg 
»«©«3t*fek:J3^-C, B3 (a), (b) ©Ig 
tt, mi©Hffi^ffi©Eli (a) , (b) ©iSiKt 
io T*&5o ^UT, 0 3 (c) ©lSt*5^Ttt, 1213 
(b) ©I8^*J»t57* hi^^ M 5Sr-fr©4*^ 
**iLT*i©flW»IMIlOfc*Wfc*** (HF) 

[0 0 3 2] fr^X\ 7*h\si?x h 1 5$:-7**i L 
T« '>y=>aftll9Atf«l©S/!>3>IMUi8t:)B 

f- K 1 7 Sr»rt"f6. ^UT, B4 (a) ©J:5(c, 7 
* h Uv 5 ^ h 1 5£|&*LTa^N*:c/lHiigc3:}oJ:tf 

h^S 6 B * Lfcflt^lf©^ ^-VffiAfc J; 9 , 
N + 1 8 *W,fSi1rh« Sfefc, P-7^/l^1 

*2*«5ffl©7*hu^hK (H**T) Sr-v^^ 
lCLfc2*{kdfo> (BF 2 ) ^©-r^-vaAfiit)^ 
P + SttiUB«« (H*Tf) «f»«-r5. rixlcfc 
9, ^i2lHliSSS»c*5^T, NMOS h7^^iPM 
OS Y7l/*Jx9$W,1$.ZlClZ. 
[0 0 3 3] m4 (b) ©X@{C*J^T V EI 

so 2 (b) ©IfiiRKfc, fyMft=«^^HL2 0«r 
02©AIHIJ6atRi 9fcBBau'-t©±"et?y H»2 l 
*r»dW-5. SfeK, H3©flnifilHR2 2. 
K7L2 3, 7yU§Bffi^2 4A«$n5. 
[ 0 0 3 4 ] HI 5&tN9 6 tt*5!W©£ 3 ©Hffi^ffi?: 
I8JBK*tWiiBI-C*>5. HI 5 (a) ~ (c) ttmi 
(a) A»5)H2 (a) *T'©iatlRli:T?S>5. ^4*3 
*>. HI 5 (c) ©xaicfcVTtt, N^^/i^«3fcJ; 

9, N + S!ffi®:Sffligc l 8 ^ 
^^lcbfc2^k^n> (BF 2 ) ^©'T^-vaAlCj: 

9 , p + m&mm® m^r) *»ia+6. rttfc 

£0, HHBIMWC*s^T, NMOS h 7 v^#t'p 
MOS h7>i^^fifiM^tli, 
[003 5] U^Sft, 06 (a) ©<fc5K. 7* 

h 1 6$:Ht£ft. £Elc&Jg7^y (T i) 
y^felCTiS^^ 7V7"ii!?ft (RTA) j£tC«t9 8 0 
so 0~9 0 0t©taa©S^#H^t? 1 0^ft©ftJKM 
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(TiSi)l2 6Cf»t5. tLt, 
fcflU.©SEIft1B 1 0JII8Mil»R l 0 ©SEcDi 5 

jgCt>1\ *©«**■* ^y IK KlttJBdteitfc 
V\ ro*»S:©f'^>'lH:«*.tfJMbK*ll (HF) 

[0 0 3 6] El 6 ( b ) © «t 9 £ffifcSB 2 (0 

siaiftsffi 1 9 fcj&s-rs. % 2 ©« m&iugi 1 9 aw- 

fifcSivc^S. ;:©Jg2©«HH68»i 9fi. 

5 0 0 < ceS<ofi^-ero^iEcvD&lcJ;5->y 
fcJH^©:^ 3V«fkJ8«r«5BPSG**»6«J*$ 

tix^Zo r©iWttKS:gitt5B#ji±, bpsgkh 

foS„ *-2©inJ6JM©W&fl:tt. iI£BPSG)glS: 
8 0 0~9 0 0V<om&X'3 0.^1S!J7o-$t5: 

ifciflfrStf. £©3BI»li©»*fcH\ BPSGI^ 
8 0 0tmSog^#B«i-Cl 0©>g 
^OftaHMMlSr^^illR (RTA) «fefcJ:91?ofc 
<k&<0\t¥faWmm (CMP) SIITBPSG 
Jg«rW£ LTSpfflK: Lfc 9 , fcSlMlB P S GJg?£/fcft 
U RTAfetiD^aSIMBiLfca, ->y*^^<0 

m%%&mmzxt°v=i-hmz.i: i Qi&f&i,. soot 

g&©m&T*6 0#©^7^-/u£ffofcmtcg#tfcx 
r©XH0gS©4lftl2. g2©JHM&JM(l 9 5: 

rot?, *©&©7 , nir;*j^£j®$ii#F f S]tt, ffi^at? 
8l*mfc»*.6iB*9**9, *SlAl«B2©3lifc#tti 

[0 0 3 7] fcfc, N" SttfUB 7&tf N + UttftJl 1 
8fcft5^y m=»V** h?L2 0*$2©JiRMBft 

©jenj&8R2 2&rj£u i©*tt4«9>©»a*ffifc 

HBwttlRiaHfcS'ytf'f Vfc^xftvi/yw Y 

-*isJ:tfKW>tt©1F&fiift«:*l, £2©#»t 

7&fglCJt& LT 2~ 3 %S§C*-Cfcfi< ffixS r. £ ^ pf 

[0 0 3 8] 0 7XtJ f H8f±*55W^4<O|llfifl!?ffiS: 

BHiSfcafflLfciawig-efca. it-r. a 7 (a) © 

co«®rogrgo^ic > P7x/u2iN7*A'3fcjlM 

xyfr>^|CJ;9N7*/l'3&®$:'£©fcP7*A'2« 



So 7* fUv?* Hg£6fc*Lfc&, fiftCLOCOS 

ffi©* : MHi»KfcRll 3 0 0 n mlS© 7 * -/U K$? 

l^rt^JfcfMefclRlMfcfcJ: 9$II¥ l 0~ l 2 nmg 
*©^-MWk«l5*»iart-5. ftlC, Jg&flOOnm 
S*©#»ft f y 3 (H**1*) £IB£J¥ 1 0 0 n m 

io b^f-hWMdA, 6B, 6 C Sr^fiE-fS. r:t«, ^ 
-KS4i6Ctt, y^ey-t^rotfy m^^aigjsgp 
© 5 =- 7 fc fc. * ■* y M^ifrm- 

[0 0 3 9] N7=/^*Sc3S:S5 7*-hu^ 

hffll (BI**T) Sr-r^^lCUT, 4 0 k e V, 2X1 
0l3 cm -2SS<O« (P) tfMtfy&ASrffK N" ffi 
*Sttl7«:»*U «iaia»»OLDDah?>^^ 
©1M K7*- /U£45»l©5/y 3>-M8S:K 

20 -rs. =y®{kliSHTO»?>/i5S^©j? 

A>*yy-S (S i H 2 C 1 2 ) tT^e^T (NH 3 ) t 
*WMW*b LfcLPCVDj£{Cj;!9, gUSOnrng 
«©->y 3V2ft»Sr±fflfc»J«1-5. Sfefc. TEO 
S (S i (OC 2 H5 ) 4 ) ^^£*^7^>- (P 
H3 ) bll) ttAstflsJ h (B (OCH3) 3 ) #X 
tmm (0 2 ) ^£«rJB»^£LfcLPCVDttfc 
«t 9 > JKff 3 0 0 n mSS© BPS G^Sr±SIC^1" 
3. 7 5 0~9 0.0t©tB&-CBPSGJ8!&y7B-l, 
30 T. BPSGfl»ffi*ipaftUTl|l©«IIW6IMIl0 

[0 0 4 0] ^ro^, (H7 (b) roj:5lc, 7A^n • 
A-#y^dxyfym (CHF3 , CF 4 ) Sr-ffl 

-h*ffi6C!C**-5fcry HRaV** h?L205:mi 
©JBBH6WS 1 9', ->y =yI{kl9fcJ:0!IiOi'!j 
= ^®(c^I¥ 1 0 0 n mSg©N 

+S©#*S.Sr> y 3 yflHWa itfflW 1 0 0 n mil« 

[004 1] ftK, ^EfcS 2 ©l^teitK 1 9 ZMtfL 

P 7^2gffit5j;U«N7i^3Sffi^P>©S2©Jira 
^M^l 9*®©iS$li8 0 0nmSSr-fc3. r©^ 
2©l^ifi6atKl 9tt, LPCVDjfe{Cj:5Sg4 0 0 
. nmea©BPSGK*>?)Jgfi£$ilTV^5. $?>IC, 7 

N" fflUB^fcfc+SWtfttiav** 
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$k£Ltc'&^J->yy (SiH 4 ) JJ 7 k7*77 4 
> (PH 3 ) #*£Jg##*irf-5LPCVDi£fcJ; 
■9 , US 8 .0 0 n miI©NS K-7" K^feWv' P^y 
NS! K— 7° K*fifC-v' !> =» >«©***> 
jgg?(4 1 X 1 0 20 c m-3Sg-(?foS 0 

[ 0 0 4 2 ] ftifve. 9«WBKo^o7£fl(Jie± 

«:85 7*M/^h (H**i") *:NfflK-7K#ft 

R->y 3yjg©^®_h|c^jjgU :C7*M/^hiS; 
v^^L fcSTftt^ y f - > ^IC <fc 9 . Sl^aSffi 1 , 

fr, liMlw^^fiofci, 8 7 0tg&©7 

(NH 3 ) ^#ffl^T'6 O^SSrotiiS^g 
ft (RTN) iffl\ Sftg^^Sl 2*BiC)gJf 0. 
5 nmtt©->y 3Vg-ftM .(0^*1*) L 
PCVDSHdJ;!), ^Ei^J¥6 nmSfiW->y 
{fcjg (H*«-f) fcJBlfcLfcf*, 8 5 0t;gg©*^- 

»fclc J: SBfe* <H5**1*) *r»J*U *fc 

•> D a yJg&gBIJP: 5 n mg£©£ft&H$i 1 3 *}gjft 
fc^X. £ElCJ8IJIl 5 0 nmaft©N9££A 

v/^yf (lU^-tf-f) SrJgfiKU 7* h Ui/7 h 1 5 

[0 0 4 3] ftlC. 0 7 (c) ©J;5IC, 7thW^ 
h 1 5%-?79 t LT|g2©Jfffl*&JfUgl 9*5<fctf&l 
©lWl&IMl8 - *JMbWI« (HF) *»KJ:5**y 
Kxyf-l/^-CfciU •>!> 3>-g{t)g9£®ttJ$-£ 
5. ifcfcKiitgS (HF) S*trffl^fc#fr, fgltJ&2 

ojii«uftWi«r«ijdif6BPSGflit->y3v»k«9 . 

1 0 0 : lg£fcfc9» 6O0nmSS©BPSGM 
3©K-5 0 nmigg©->y nyiftl^^ h 

S6ft^8 ©ra^o trAiffl uao^iaisiK^wm 1 ©am 
mm 1 0 5r^^«c^*-r 5 r t #-et 5. 

[0 0 4 4] <cjs, =y«ft»9©**9fcJ/!> 3 
fflbkXft (HF) g»i59x ? 

* K J: 5 MEE^fS* 

14, IW5 0nma*©LPCVDjfcfcJ:5HTOfll«: 
JBV\ «EiStftiJ/f-V^fctt. ff*6 0 0Pa©»ft 
(HF) iE*3 0 0PaO*iS* (H 2 O) 

^fcfiS3 0 t CSg©^#S:fflv^tf, Sg 1 ©1 

BPS GJ®©-> V 3 v«fcfltfc3H-33: y 

rm&n i o 3 fg&£ 1 4 9 , 74-* vmm 4 

^ 1 ©IMUIB8 ©J§i£ 9 *»M L,fl.offlffl0»»©S 
1 ©ff pqjeSMS 1 0 £££lc&-£t5 r £ 5. 
10 0 4 5] fcld, 08 (a) ©«t5fc, 7* 



(9) 

V 3VK«8^5 5 ^5f"^ K**- A>1 7«fcf 
S„ gcfT, 7* bUi/7 bl 5i&£LXfrbU9x. 

6WU 7th^Ml6 > t'f K!7*-/H 

7. iai^-hmttetr^^^icufcStJUflt©^^ 

SAfcJ:9, N + 8Sr^-T5. 

P!>xA^m2S:fll5»J©7*hu^m (H* 
tfi") Sr-7^^l-Ufc2*ftjKny (BF 2 ) 

■^^iPMOS h^V^^^^^ixS. 
[0 0 4 6] fcfc, 0 8 4b) ©<t^fC, 7* hl/'^ 

f 1 6 zmn ufc^jc, ±mzM 3 ©jf mtews 2 2^ 

»3©Sl«Hft«K2 2*aif±¥fflfl:*ii-CJ3 

•5 , P(7i/U2^SdoJ;t;N'7x-'U3«®^P 5 ©^2© 
JINM6IMI2 2^®.©ili$l4 1 2 0 OnmSltfeS. 
& 3 ©l|8]%&6g 2 2 14, •CRJltflMT*© L PCVDffi 
a^lWUI (HTOK) t^©HT0^5rS 
20 5BPSGfllt*»fcfllrt*ilX^6. ^©HTO^SrS. 

(7 5 a ttia. 1 4 *5 i t;y- h a® 6 tat 

•r 5^ 2 ©finig»R©aiittRtt«:«ift-t- a - 1 1 b 

PSGJR*»fejB. #n>ilJi8S^«*ltWB«?^l£»t5 
©fcWCfcfc-efcS. ^©^, 7/u^-n-*-sKv^© 
li/fV^ (CHF 3 , CF 4 ) Srffi^fc^^tt^ 

. «1 8*iJ:tJiy-hmtt6Bfcai-5 3^^ h?L2 3 
«r»3©lMlft»«l9K»ja+S. ^©^, 4WB.©« 

30 iati^g/4s^i-5. 

[0047] i©«t9lr, Vy.V1fte.7s9 y 9 W**>* 
*s9 ©TSI-BBE1-5 COB MS^g© ^ y 

*t©»i©aw«a«i o*spfflft-*-«iif>Kj«* 
■c^s©t?. ^-K«ifcj:9»rt*ii5»v^iiiinn^ja 

H«iKJ:9&tSI!ltlB]^WfcA9ii* 

9 © y-^ • h* w i 8 am * y *A><n&$&<D 

1 2©iyf-y^as*filC<CSi:^fcJSia@»fflh7 
Vi?79<om?-Jr%Ji<$)%;lz£Z> Ltl«E©fiTS: 
$P>fcb7>^^©f--v*A^©^ht"5T 
iglc/ < c5©'C*^'C yf-yin&fls©35afl:#3S£-e*5. . 

so 45. 
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[0048] y.±.<n&mmm\c «t*ui\ &© x o 

IMftJif:* 8 0 0t:~ 9 5 0 < Cgg©fig(£-Cfi££©4 
#©1 (1 2 0#-»3 0#) S^lcNiM-r^^t/iS-C't 

> (Of- -v ^/kg ©IS'h h Wfgfcft 5 ©T-* -< y f- V ^f) 

^I*t^ty- h««i:©JiWHfi>B«:™i: 
■T 5 i t * y *^#jfc*teflH0H*MU1§ h 7 v 

iM»M*«*fcl&IMW«*S©-C, ^i:ta«;«5r« 
y-* • Ku-rys^y^y-fe/Ko^Btro^fflo 

[0 0 4 9] *fc, ^2(0^*li, -7*— YW&W'i K 

7^*;?©1M K**-**Mfi©J^fcW#p-*-3:: 

£#S£fc:fr5„ ^©SSli, LDDSh7V^^ffl 

iM K?*- /utfrsfgiwv'y ^v^ffcJglwSEKS 
iifcio. sm«m tasjii ©***«:***- 

a^ffi©&fcBft**a#f5fc»©*M**B (H 
F) WWC****? hxyfy^H, SftftBHtff 

jyHJ^rtlltr©Sft*ffl8ff*iii© S «MMUI«:Bfe*t 

m2comn%><Dg*&^y?-^yTn%zmt>, sn 

[0 0 5 0] $e>|c. B 3<o^tt, tr* hiBI££l:S 

am&wTSi-saa LfccoB®©y*y -tr/MSiifcjis 

9, y*y-tr/KOTOL **HKfc#**fcfcatfa»9 

3L*lfHttBE©ftT«r»«|-e#, ^Cf-?^^ 
©^^^©jffi'hfc^rflEliifcS©^^ j/^v^ibft 

mgzv-mttz b t t>icy * y -t^jgj«tgtH5a@» 



(10) 

y^-y-trA-gBfcw^gBau try htiu-iffim®&&£3\ 

[00 5 1] 3N©$j£i4, y-^*j«tt;KW vffltt. 
5*4»tt*«*© 2 ~ 3 %mmz.&Ttz Z t 

ai 14. h7y^?oy-?fcj;yKKy«^ 
mtmmw&^vy k disi) #£©;« 

10 *}, ^©isn.^jg->y-!j-^ kii4. %w%mm\^ 

[0 0 5 2] 

gp© h7Vi/**©lM K**- 

©5 ? hB<DTMbtez>Mm&mm 

-*©■»*•} SrBJht?*, jJrS©LDD*|»MS»«K: 
-M 1 K*»rt*6;rfc?*©4HS$IMI:iW 
[BS©ffi¥ttftH] 

[0 1 ] *%m<on 1 ©MffiMBSrXSBfcjis^-*© 1 

T*fo5„ 

im 2 ] *^W©m 1 ©mfifcttSrlSJBfcij*?-*© 2 

30 -CfoSo 

[B 3 ] *^M©m 2 ©30fi»B«:ISJ|(K*f-*© 1 
IB4] *»W©JB2©3a6»tt«riaiUc*-f*©2 

[05] *^M©m 3 ©IHt»IBftl8JiK*-J-t© 1 
IB 6 ] #3SW©m 3 ©3Mt»IBSrl8JiK*+*© 2 

[B7] *»W©*4©Hl(S»IB«:lSmi*rt©l 

40 f$>5 0 

[0.8] *«W©JB4-©*lfi»tt«riaB|c*i-*©2 

[B 9 ] «3lEStff©IBS*«fe«:XaiilC*i-*© 1 T-fe 
5. 

[Bl 0] ffi3(Eftflf©Ki*ft*rISIHK*1-t©-2-e 
*>S, 

[»*©««] 

1 psvy =>yg& 

2 P^x/U 
so 3 N^xyW 
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19 

6A-6C 

10 & i <£lPfl*6iUgl 

1 2 mmwmmfa 

13 $ftKftR 

1 4 mmttfanM 

15,16 y* Y ui/x h 



20 

17 IK K£*- ^ 

1 8. N + ftftfl (ftKft^ttttff) 

19 %2<nl 

2 1 tfyH 
2 2 23 0JI[!Bi 
2 4 7/1/513*1 
2 5 7th^^h 
2 6 ^Vv'yiM' KJI 
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(a) 



3 . N •) x -A 
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1 0 
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